Shifting urban commuters to public transport can be an effective strategy to deal with the energy and environmental problems associated with the transport sector. In order to enhance public transport the mode of choice for urban commuters, public expectations and requirements should be at the centre of the policy-making process. This study uses pair-wise weighing method (i.e. Analytical Hierarchy Process) to derive priorities for different criteria for shifting urban commuters to the public transport system based on their opinion. The primary survey has been conducted to collect the data for identifying public preferences for public transport characteristics under four parent criteria: reliability, comfort, safety and cost, identified based on literature review and expert opinion. This information was collected using questionnaire based surveys between January 2013 and July 2013 from nearly 50 locations using a stratified random sampling technique from nine districts of Delhi. Our results suggest safety as the most important criteria (36% of total) for encouraging the urban commuters to shift from private vehicles to public transport and then reliability (27%), cost (21%) and comfort (16%). Based on above four criteria, commuters were found to be happy with Delhi metro services compared to buses and other mode of public transport due to more frequency, adherence to schedule, less travel time, comfort and safety. Commuters were willing to pay more for better public transport service since the travel cost was not considered to be one of the important criteria. The results also showed that 96% commuters are willing to shift to public transport if above criteria or services are considered for providing an efficient public transport system. These results can assist transport planners to integrate public preferences with the available technical alternatives for the wise allocation of the available resources.
Introduction
Urban centres all over the world are plagued with unsustainable trends in the transport sector due to increased energy use, air pollution, traffic accidents, congestion and noise pollution (Jain & Khare, 2010) . Mitigating transport externalities is a http://dx.doi.org/10.1016/j.trf.2014.03.007 1369-8478/Ó 2014 Elsevier Ltd. All rights reserved. and the related environmental issues. Since public support is seen as a major factor in determining the success of a policy, Goyal and Sidhartha (2003) pointed out that securing public confidence before the implementation of a policy would be a good strategy.
The overall aim of this study is to identify the priorities of commuters for the various public transport characteristics and choices. The multi-criteria analysis has been used to estimate the weightage assign to the criterion given by commuters to shift from private to public transport system. An extensive field surveys in Delhi was conducted to build a novel data base, so that commuter priorities and perceptions for choice of public transport mode can be assessed.
Methodology

Description of the study area
The study was carried in the national capital territory of the Delhi (NCTD) region, as seen in Fig. 1 . Delhi (28°36 0 50 00 N, 77°12 0 32 00 E) is the capital of India and is one of the major developing megacities in the world (Kumar et al., 2014) . Due to rapid urbanisation, the city saw a large-scale migration over the last decade. There has been an increase of 21% in population between 2001 and 2011 census from 13.9 to 16.75 million. The rapid growth rate of both population and economy is putting enormous pressure on the city's existing transport infrastructure. Delhi shares the pride of having the largest road network (31,183 km road length) among other cities in India (RITES, 2010) . Approximately 46%, 27%, 8% and 2% of Delhi's road length has the right-of-way between 10 and 20 m, 20 and 30 m, 40 and 60 m, and over 60 m, respectively. Traffic congestion still occurs frequently due to the large volume of traffic on city roads.
Data collection
The data related to public preferences has been collected in the context to their choice of public transport such as Delhi metro, bus, three wheeler, local train and rickshaw for commuting. The factors effecting commuters choice for public transport has been considered based on existing literature as presented in Table 2 . These choices (sub-criteria or sub-factors) has been categorised into four parent criteria i.e. reliability, comfort, safety and cost, based on experts opinion. The Delphi method has been used to assign various sub-criteria's under the parent criteria based on experts judgements (Jain & Khare, 2010) . The questionnaire has been sent to 10 experts in the NCTD. The final category assigned by experts to sub-criterion is Table 2 . The data related to above criterion and sub-criterion has been collected by pair-wise priorities using the cross-sectional sample surveys. The primary survey was conducted in order to get generalised information about the public perception in the study region. Delhi is divided into nine districts, which have people from diverse background and economic profiles. Therefore stratified random sampling technique was adopted to collect samples by considering nine districts (central, north, south, east, northeast, south-west, north-west, west, and New Delhi) in Delhi lying in its three statutory towns (Municipal Corporation of Delhi, New Delhi Municipal Council, Delhi Cantonment Board). The data was collected from commuters using questionnaire based surveys between January 2013 and June 2013 from nearly 50 locations, which are distributed in nine districts as shown in Fig. 1 . These locations included fuel pumps, parking lots, bus terminals, bus depots, taxi stands, auto stands, shopping complexes and commercial areas in various districts. Surveys were conducted on both weekdays and weekends and were spread equally throughout the sampling duration. In the study, population size (16.75 million) has been taken from 2011 census data. The sample size for data collection during these surveys was estimated using methodology proposed by National Statistical Service (NSS, 2013) . In this survey, 5% margin of error has been considered, with 95% confidence while estimating representative sample size. The estimated sample size required for the survey was 385. However, we have collected a total of 500 samples to avoid any incomplete information while analysing the information. 
Assigning relative weights to criterion and sub-criterion using multi-criteria analysis
Multi-criteria decision making is an important tool which helps in making decisions with several decision criteria and multiple objectives. Analytical Hierarchy Process (AHP), developed by Saaty (1980) , is one such 'multi attribute decision making' method which provides an overall ordering of options, from the most preferred to the least preferred options. Pohekar and Ramchandran (2004) in their review of multi-criteria decision making tools found AHP to be the most popular technique for solving problems having multiple objectives. The technique answers questions relating to what to do rather than how to do (Tzenga, Lina, & Opricovic, 2005) . The AHP also prioritizes alternatives based on a common set of criteria into quantitative and qualitative terms (Yedla & Shrestha, 2003) . In AHP, the problem under study is decomposed into different levels, the top most level is the ultimate goal followed by the criteria and sub-criteria in the second level. The various alternatives form the lower most level (Berrittella, Certa, Enea, & Zito, 2008) . The elements at each level are compared pair-wise due assign the relative importance of one criteria or sub-criteria over the other. Therefore, the AHP has been used in this study since the aim is to assign relative weigh to different criterion and sub-criterion of public transport system as explained in the hierarchical scheme ( Fig. 2 and Table 2) .
A public perception survey was carried out to find the relative weights of the various factors. A questionnaire based on pair-wise comparison method of assigning weights was designed. For each response, a comparison matrix was prepared and normalised using the standard normalisation procedure to obtain the relative weights/priority vector. This procedure derives priorities by taking the proportion of the row/column factors divided the row/column sum. The individual responses were checked for their consistency using consistency ratio. Inconsistent responses were filtered out and consistent ones were averaged to derive the final weights of the desirable public transport characteristics. Weights for the various sibling sub-criteria were calculated using the same procedure. The global priorities of the sub-criteria were obtained by multiplying the local priorities of the siblings with the priority value of the parent.
Results and discussions
Analysis of field survey
The results obtained from field surveys conducted in NCTD is summarised in Table 3 . The survey results represented 45%, 31%, 20% and 4% commuters in the four different age groups that were 15-25, 26-40, 41-60 and >60 years, respectively; out of which 58% were male and 42% were female commuters as shown in Fig. 3(a-c) . It has been observed that 54% commuters preferred public transport for different purposes such as for work (61%) and others (39%). The most preferred mode of public transport was Buses (52%) compared to Delhi Metro (25%), Auto (16%), Rickshaw (4%) and local train (3%) as presented in Fig. 3(d) . However, waiting time for buses and three-wheelers were more varied from 5 to 30 min depending on their availability in different areas in the NCTD. These commuters travel different distance that ranged from <250 m to >1 km to reach or catch the public transport; out of which 71% uses three-wheelers, 24% travel by foot and 5% by rickshaw from their nearby areas such as residence or work/business place to their destination. Our results also suggested that 94% of commuters showed their willingness to shift to public transport as shown in Fig. 3(h) . This shift is possible to achieve if consideration of this factor is taken into account in decision making in order to improve the present system more efficient. A similar result has been reported by Foote (2004) . This work was carried out for Chicago in order to assess customer-derived performance measures for bus operations. He explained that high-quality service such as safe, clean, on-time and friendly public transport mode has resulted in customer satisfaction and increased ridership. Furthermore, Stradling, Anable, and Carreno (2007) have also reported in their literature based study that it is very important to consider the current and future levels of service required by commuters to assess their satisfaction level for various travel modes. 
Commuters choice for parent criterion used for public transport
The criteria for commuter's choice aimed at public transport included in the survey were safety, reliability, low cost and comfort as shown in Table 4 . Safety was found to be almost 1.4 and 1.8 times more important than reliability and low cost, respectively. However, Goodwin (1992) in his study identified transport pricing as one of the critical factors determining the successful implementation of a transport policy. Furthermore, reliability was 1.8 times as important as comfort, which was rated as least important. Similarly, Bhat and Sardesai (2006) have found in their study for Austin, capital city of Texas, that reliability and travel time were most important factors which influence the decisions of commuters. Likewise, Sherestha (2013) has also reported in her Kathmandu (Nepal) based study that comfort, travel time and cost are important aspects in decreasing order that have motivated the commuters to shift to public transport. This work also stated that comfort and travel time was more important over travel cost. This may be due to the reason that the author has not considered criteria like reliability and commuter safety, which made comfort and travel time more important criteria over others.
Commuters choice for sub-criterion used public transport
The analysis of survey results for various sub-criteria is presented in Table 5 . The result shows that personal safety is the most important factor (0.42), followed by reduced number of accidents (0.33) and staff behaviour and their attitude (0.25) as shown in Fig. 4(a) . Personal safety was 1.3 and 1.7 times more importance than the reduced numbers of accidents and staff behaviour and their attitude, respectively. For a more reliable public transport system, good frequency (0.61) has been given priority over adherence to schedule (0.39) as shown in Fig. 4(b) . In the present context, commuter wants good frequency for public transport system because of higher weightage given by them to this sub-criterion over adherence to schedule. Similarly, Nolan (2007) has found that reliability in the context of arrival and departure times or adherence to travel schedule was one of the key factors discouraging people from using public transport. Further, Rietveld et al. (2001) established that most passengers preferred reliability and adherence to schedule over shorter travel time. In our study, accessibility was the most important sub-criteria preferred by commuters under parent criteria i.e. comfort. Less travel time was given the second highest priority in this group, followed by less crowded public transport, seating availability, cleanliness, low floor, and air conditioning. Similar results have been reported by Gatersleben and Uzzel (2007) for the United Kingdom. They have found that public transport is stressful due to unpredictability and longer travel times. It was also interesting to observe that low floor buses and air conditioning was given the least priority by people, which shows that commuters prefer more reliable public transport in context to accessibility, less travel time, less crowded and cleanliness. Accessibility and efficiency have been identified as the two key factors to increase the patronage of public transport (Murray, 2001; Murray, Davis, Stimson, & Ferreira, 1998) . In order to provide better connectivity, feeder buses may encourage a mass shift towards public transport modes. According to the proposed integrated mass rapid transit system (IMRTS) which includes Delhi metro, Bus Rapid Transit (BRT) and Light Rail Transit (LRT) by Government of NCTD, the government aims to provide access to transfer stations within 500 meters to most of the commuters (RITES, 2010).
Commuters experience and expectations
In the questionnaire, one question was open ended where commuters have responded about facilities or services provided by any of the existing public transport mode. Commuters feel that Delhi metro is a successful example in terms of offering a comfortable, reliable and safe mode of public transport. Commuters mentioned that Delhi metro is more reliable and comfortable due to its frequency and adherence to schedule, less travel time with air-conditioning facility at most of the metro stations and metro coaches. Commuters also stated that Delhi metro is sensitive towards the need of the elderly and the handicapped apart from providing feeder buses to carry passengers to and forth the boarding stations. Parking facility is also made available at all metro stations to make the modal switch convenient for the commuters as per their requirement. Presence of security personnel and CCTV cameras at the metro station ensures personal safety of the passengers. Despite the fact that buses would serve more to Delhi commuters, it was clear from our survey that people are unsatisfied with the bus service only because of factors such as their reliability, comfort and travel time. It was also observed that average waiting time for buses were more compared to Delhi metro and other modes of transport. Similarly, Stradling et al. (2005) have conducted a study in Edinburgh on accessibility and transport using household surveys. They reported that frequency of bus service and walk time to bus stop were mentioned infrequently as reasons for not using the bus more often.
(a) Sub-criteria under safety 3.5. Potential technical measures for improving public transport services Murray et al. (1998) recommended that apart from proximity and reliability, socioeconomic factors must be incorporated in the policies to provide greater access to public transport. High capacity buses, more frequent services and charted bus systems where commuters pay higher fare for a guaranteed seat can also make public transit travel more comfortable (Tirachini, 2013) . The proposed IMRTS in NCTD can be made more reliable by displaying information related to arrival and departure schedule at all boarding stations, internet, travel booklets and helpline phone numbers. Facilities like first and last mile transport connectivity or feeder transit generally increase the opportunities of access to number of places of interest to an increased number of commuters (Chandra, Bari, Devarasetty, & Vadali, 2013) . Providing Right of Ways (ROWs) for different public transport modes avoids delay due to congestion and makes public transport more reliable. Intelligent traffic management system, good driving behaviour (by stricter rules and higher penalties), and ROWs can avoid accidents. To ensure personal safety of passengers, the stations can be kept under vigilance by Close Circuit Camera Television (CCTVs) like they have provided in case of Delhi metro, and providing efficient women and senior citizen help lines. Higher quality of services in terms of safe, clean, on-time and friendly public transport modes can promote a shift towards public transport (Foote, 2004; Poudenx, 2008; Stradling et al., 2005) . Differential tariff system based on the quality of service should be implemented. This would provide the user with a choice of availing higher quality service at an extra cost. Abrate, Piacenza, and Vannoni (2009) have conducted similar study on Integrated Tariff System (ITS) by collecting information from twelve-year panel of 69 Italian public transit providers. They reported that services like validity over an extended network, the availability of a single ticket option, and the application of zonal pricing schemes are effective in raising the number of public transport users. Similarly, Sampaio, Neto, and Sampaio (2008) have reported that tariff structure in public transport systems by providing several ticket types and by giving benefits to card-holder for longer periods at lower costs results in the benefit of both users and transport companies and agencies. Educating the public about the environmental and socio-economic benefits of using public transport can also promote a shift from privatised modes as also suggested by previous studies Grant-Muller & Usher, 2014) .
Summary and conclusions
The aim of this study was to identify the commuter's preference for public transport characteristics through multi-criteria decision making approach. The pair-wise weighing method AHP has been used to analyse the data collected from primary field surveys. The commuters of NCTD gave highest priority to safety as compared to other public transport characteristics such as reliability, comfort and cost. The survey results suggest that despite a slightly higher fare in Delhi metro than public buses, the former has been able to earn patronage of a considerable number of former private vehicle users. The present public transport services, apart from private vehicles, Delhi metro is the only safe, reliable and comfortable transport mode as per the commuters perception gathered while collecting information from the commuters, as explained in Section 3.4. The current bus-dominated public transport system is unreliable, overcrowded, and unsafe and poorly maintained as observed during primary survey. Since buses are the life-line of public transport in NCTD, catering to more than one-third of the travel demand, there is a need to revive the existing bus system to make it competent with private vehicles.
